doses in haploidentical allografts were associated with improved OS without producing more severe grades of graft-versus-host disease (GVHD). In HLA-mating sibling and unrelated transplant settings, Reshef et al. [14] observed the relationship of higher CD8
+ cell doses with improved survival. Furthermore, Luo et al. observed the correlation of a lower CD4/CD8 ratio in bone marrow grafts with superior survival and reduced risk of acute GVHD. [9] These and other studies [2, 3, [5] [6] [7] [8] 10, [13] [14] [15] suggest that it might be desirable to infuse optimal hematopoietic and immune compositions to patients with hematological malignancies to improve transplant outcomes.
Currently, few studies have focused on the association of cell subsets in allografts with outcomes after allo-SCT for patients with acquired severe acquired aplastic anemia (SAA). Islam et al. observed that an infusion of <2 × 10 6 /kg of CD34
+ cells was associated with an increased incidence of graft failures, higher incidence of bacterial infections, and delay in the engraftment of neutrophils in patients with acquired SAA who underwent MSDT and MUDT. [16] In recent years, Haplo-SCT has been an alternative source for SAA either in unmanipulated haplo-SCT based on granulocyte colony-stimulating factor (G-CSF) and anti-thymocyte globulin (ATG)-induced immune tolerance or haplo-SCT with post cyclophosphamide. [17, 18] A multicenter study demonstrated that treating SAA patients with haplo-SCT could achieve comparable outcomes to those receiving MSDT. [19] However, the association of immune components in allografts with outcomes for patients with SAA who received haploidentical allografts remains unknown. Therefore, we analyzed 131 patients with acquired SAA to investigate the association of the dose of immune components in a mixture allografts of G-peripheral blood (PB) and G-bone marrow (BM) with outcomes for patients with acquired SAA.
methods

Ethical approval
This study met the guidelines of the Helsinki Declaration of 1975 and was approved by the Ethics Committee of Peking University People's Hospital (No. 2016PHB178-01). Informed consent was obtained from all patients or their guardians and donors.
Patients
A total of 131 patients with acquired SAA underwent haplo-HSCT at our institution were enrolled in the present retrospective study between January 2006 and December 2016. All patients were diagnosed with SAA based on the UK treatment guidelines. [20] Donor selection and HLA typing were performed as previously described. [21, 22] 
Conditioning regimen
All patients were uniformly treated with a myeloablative regimen as previously described. [23] [24] [25] The conditioning regimen included a combination of intravenous busulfan (0.8 mg/kg 4 times daily on days −7 and −6), cyclophosphamide (50 mg/kg once daily on day −5 to −2), and rabbit anti-thymocyte globulin (ATG [Sangstat, Lyon, France]; 2.5 mg/kg once daily for 4 consecutive days, days −5 to −2).
Mobilization protocol
Donor mobilization was conducted as previously described. [26] The G-CSF was subcutaneously administered at a dose of 5 µg/kg donor weight per day from day −3 until the last day of graft collection for 5 or 6 consecutive days. Each donor received G-CSF at approximately the same time every day. The donor weight included in the calculation was assessed during health examination for accuracy.
Graft-versus-host disease prophylaxis and treatment
All patients received immunosuppressive agents, including cyclosporine A, mycophenolate mofetil and short-term methotrexate, to prevent GVHD, and acute GVHD was treated according to previous reports. [23, 25, 27] Bone marrow and peripheral blood stem cell allograft collection
On the 4 th day of G-CSF administration, the donors underwent a procedure on the posterior iliac crest using epidural anesthesia to harvest BM grafts (G-BM). During the operation, the previously prepared autologous red blood cells (RBCs) were transfused back into the donors. Due to a major ABO blood group incompatibility, RBCs and/or plasma was removed from some bone marrow grafts before readministration to the recipients. Since these processes might lead to mononuclear cells (MNC) loses, we only collected data before processing. [26] For the peripheral blood stem cell (G-PB) collection, leukapheresis was commenced on the 5 th day after G-CSF conditioning using a COBE Spectra (Spectra LRS; COBE BCT Inc., Lakewood, CO, USA) at a planned rate of 80 ml/min. The leukapheresis was initiated within 4 h after the last injection of G-CSF. The total target MNC count from the bone marrow and the PB was 4-6 × 10 8 cells/kg recipient body weight. If the MNC count was less than the collection target, a second leukapheresis was completed on the 6 th day after the administration of another dose of G-CSF.
Daily complete blood cell counts were obtained, and serum chemistry was tested during G-CSF administration to determine the mobilization states and physical condition of donors.
Flow cytometry evaluation of graft composition
Fresh samples from G-BM and G-PB were stained with MoAb for flow cytometry analysis of the following surface antigens: CD45, CD3, CD4, CD8, CD14, and CD34. + lymphocyte gate multiplied by the total MNC and divided by the actual donor weight to determine the cell dose per kg. [26, 28] Acquisition and analyses were performed using CellQuest software (Becton-Dickinson, San Jose, CA, USA).
Definitions of engraftment and outcome measures
SAA was defined as marrow cellularity of <25% with any two of the following: neutrophils <0.5 × 10 9 /L, platelets <20 × 10 9 /L, and reticulocyte count <20 × 10 9 /L. The patients were categorized as "very severe" if, in addition, the neutrophil count was <0.2 × 10 9 /L. [29, 30] Neutrophil engraftment was defined as the first of three consecutive days with an absolute neutrophil count (ANC) ≥0.5 × 10 9 /L, and platelet engraftment was defined as the day the platelet count met or exceeded 20 × 10 9 /L without transfusion for a week. [25] The clinical endpoints were OS, transplant-related mortality (TRM), acute GVHD, and chronic GVHD. Hematological outcomes were assessed regarding neutrophil engraftment and platelet engraftment. All outcomes mentioned above were defined as previously described. [23, 31] The endpoint of the last follow-up for all surviving patients was April 31, 2017.
Statistical analysis
Median value and ranges are reported for continuous variables and proportions for categorical variables. The ratio of CD4/CD8 introduced to display the distribution of T-cell subsets was brought into calculation. The Kolmogorov-Smirnov test was used to estimate the normality of variables, and variables consistent with a normal distribution were analyzed using Student's t-test. To analyze the association of cellular compositions and outcomes, Mann-Whitney U nonparametric tests were conducted for patient age, sex, weight, HLA mismatched loci, ABO-matched status, patient ABO blood type, donor-recipient sex match, donor-recipient relationship, and each graft component. Multivariate analysis was performed using logistic regression with a forward selection procedure to determine independent influence factors involving dichotomous variables selected from the univariate analysis. Ninety-five percent confidence intervals (CIs) were calculated with log transformation. P < 0.1 was defined as significant in the univariate analysis, while the P < 0.05 was defined as significant in the multivariate analysis. Calculations were performed using the SPSS 16.0 statistical package (SPSS Inc., Chicago, IL, USA).
results
Patient characteristics
The characteristics and outcomes of 131 patients with acquired SAA are outlined in + monocytes and the ratio of CD4/CD8 in total grafts are displayed in Table 2 .
Transplant outcomes
A total of 126 patients (97.7%) achieved neutrophil engraftment and 121 patients (95.7%) achieved platelet engraftment. At 100 days after transplantation, the cumulative incidence of II-IV and III-IV acute GVHD was 32.6% (95% CI, 25-41%) and 9.3% (95% CI, 3-15%), respectively. After a median follow-up of 842 (range 124 to 4110) days for surviving patients, the cumulative incidence of total and moderate-to-severe chronic GVHD at 3 years after transplantation was 33.7% (95% CI, 24-44%) and 4.5% (95% CI, 1-9%), respectively. The cumulative incidence of TRM at 3 years was 17.0% (95% CI, 11-23%). The probability of OS at 3 years was 83.0% (95% CI, 77-89%). 
Association of cell components in allografts with hematopoietic reconstitution
As shown in Table 1 , the median time of neutrophil engraftment and platelet engraftment was 12 days (range: 10 to 31 days) and 16 days (range: 7-276 days), respectively.
Univariate analysis showed that a higher total CD34
+ cell dose in allografts was associated with neutrophil engraftment (P = 0.082); however, multivariate analysis did not demonstrate this association. In additional, in univariate analysis, higher total doses of CD34 + cells (P < 0.001), CD14
+ cells (P = 0.018), and lymphocytes (P = 0.019) had positive effects on platelet engraftment, respectively, while in multivariate analysis, higher total doses of CD34
+ cells (hazard ratio [HR] 1.891, 95% CI 1.297-2.757, P = 0.001) and CD14 + cells (HR 1.451, 95% CI 1.005-2.095, P = 0.047) were positively associated with rapid platelet engraftment. Therefore, the patients were classified into three subgroups according to CD34
+ and CD14 + cell doses, including cases receiving higher CD14 + and higher CD34 + cells (Group A), cases receiving either lower CD14 + and higher CD34 + cells or lower CD34
+ and higher CD14 + cells (Group B), and cases receiving lower CD14 + and lower CD34 + cells (Group C). The cumulative incidence of platelet engraftment of Group A was 98% (95% CI, 94-100%), which was significantly higher than that of Groups B (96% [95% CI, 89-100%], P = 0.003) and C (91% [95% CI, 81-100%], P < 0.001). Multivariate analysis showed that a higher total dose of CD34 + cells accompanied with a higher total dose of CD14 + cells in mixture allografts was associated with a higher incidence of platelet engraftment [ Table 3 and Figure 1 ]. However, there were no association of other immune cell compositions, including total CD3 + T cell dose, CD3
+ CD8 + T cell dose, CD3 + CD4 -CD8 -T cell dose, and CD4/CD8 ratio, with neutrophil and platelet engraftment.
Association of cell components with graft-versus-host disease
For acute GVHD III-IV, univariate analysis showed that a higher total NC dose was associated with a low probability of acute GVHD (P = 0.089), and multivariate analysis showed no association of cell composition in allografts with acute GVHD. In addition, univariate and multivariate analysis showed no association of cell components in allografts with total and moderate-to-severe chronic GVHD.
Association of cell components with overall survival
The factors associated with OS after univariate analysis include neutrophil engraftment (P < 0.001), platelet engraftment (P < 0.001), a GVHD III-IV (P = 0.009), and ratio of CD4/CD8 in mixture allografts (P = 0.078). Multivariate analysis showed that platelet engraftment (P < 0.001) was the only predictive factor for OS (HR 0.031, 95% CI, 0.012-0.080, P < 0.001) [ Table 3 and Figure 2] . No association of CD34 + , CD14
+ cells with OS were found after univariate and multivariate analysis.
dIscussIon
Consistent with previous data, [16, 19] we observed that a higher dose of CD34
+ cells was associated with platelet engraftment in patients with SAA after unmanipulated haplo-SCT. We also observed that a higher CD14
+ monocyte dose in mixed allografts of G-BM and G-PB was positively associated with platelet engraftment. Furthermore, the association of platelet engraftment with superior outcome was also observed in the present study. Therefore, these results provided evidence and a logical explanation that higher doses of CD34 + and CD14
+ cells in haploidentical allografts positively affect platelet engraftment, which may contribute to superior survival for patients with SAA.
Available data on the relationship between CD34
+ cell dose and engraftment after transplantation remain controversial. Islam et al. [16] demonstrated that the lower CD34 + cell dose of 2.0 × 10 6 /kg instead of the median CD34 + level of 3.4 × 10 6 /kg had a statistically significant effect on neutrophil engraftment (P = 0.046) but not on platelet engraftment (P = 0.63). In the present study, the higher total dose of CD34 + (≥2.768 × 10 6 /kg) cells had a positive effect on the engraftment of platelet in multivariate analysis. Most studies have demonstrated that a higher CD34 + cell dose was associated with engraftment, [3] [4] [5] [7] [8] [9] 32] while a few studies showed no relationship between the CD34 + cell dose and engraftment. [10, 12, 33] The differences in transplant types (haploidentical blood and marrow transplantation or MUDT vs. haplo-SCT), conditioning regimen, and race may account for the different results. In summary, the results of the present study indicated that CD34 + cell dose is an important prognosis factor for engraftment after haplo-SCT in patients with SAA or hematological malignancies. [4, 9, 19] Interestingly, in the present study, patients who received a higher dose of CD14 + monocytes had a higher probability of platelet engraftment. Monocytes are bone marrow-derived mononuclear cells that give rise to macrophages. [34, 35] The previous studies have shown that monocyte/macrophages play an important role in bone homeostasis. [36, 37] Winkler et al. [38] observed that bone marrow macrophages are pivotal to maintain the endosteal HSC niche. The macrophage component of bone marrow after bone marrow transplantation originated from the donor. [39, 40] In addition, monocytes/macrophages were associated with the production of transforming growth factor-β (TGFβ) and platelet-derived growth factor (PDGF), [36] which together with the above findings suggests that macrophages are necessary for hematopoietic recovery. Therefore, CD14
+ monocyte and CD34 + cells may synergistically enhance engraftment for patients with acquired SAA, whose microenvironment harbors defects. [41] Overall, these data suggest that higher doses of CD14 + and CD34 + cells in allografts could contribute to successful platelet engraftment, leading to superior OS.
Several studies have examined the relationships of immune components with outcomes in patients with hematological malignancies. [5, 9, 14, [42] [43] [44] [45] Fisher et al. [46] conducted a meta-analysis showing that high levels of regulatory T cells in the grafts were associated with improved OS, with a significant reduction in TRM and a reduced risk of acute GVHD. Xu et al. [47] suggested that a high CD4/CD8 ratio in allografts may predict adverse survival in patients with CML undergoing haplo-mismatched HSCT. Dong et al. [13] observed that a high number of CD3 + cells administered to patients resulted in a significantly better overall clinical outcome from haplo-SCT. However, in the present study, no correlation was found between the immune components (including CD3 
cells, and CD3
+ CD4 -CD8 -T cells and the ratio of CD4/CD8 in total allografts), and platelet engraftment, neutrophil engraftment, GVHD, or OS, potentially due to the differences in the conditioning regimen, GVHD prophylaxis, and underlying disease.
The present study has several limitations. First, it is a single-center study with few cases who failed to achieve hematopoietic recovery, a multicenter study with a large sample is needed to provide adequate statistical power. Second, the results were obtained from a Chinese population, and the possibility of extending these findings to other populations [48] remains to be investigated. Third, the optimal total dose of CD34 + cells and CD14 + monocytes in mixed grafts of G-PB and G-BM needs further investigation.
In summary, the findings of the present study suggest that both higher total doses of CD14 + and CD34 + cells in allografts may contribute to successful platelet engraftment in patients with acquired AA who underwent haplo-SCT. In addition, these data also indicated that successful platelet recovery was associated with superior survival. This information suggests that higher doses of CD34
+ and CD14 + cells should be administered for the treatment of patients with acquired SAA by haploidentical allografts. Kaplan-Meier analysis for correlation of overall survival and platelet engraftment in patients with acquired severe aplastic anemia after haploidentical allografts. Of the 131 patients, 121 patients achieved platelet engraftment while 10 patients did not achieve.
